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252a Monday, February 27, 2012Protein folds have been invented and adopted under various evolutionary
constraints. The question arises how general mechanical attributes that control
protein function have been sampled by the evolving protein domain repertoire
in the varying biological environment.
We assessed three measures, namely flexibility, foldability, and mechanical
strength, for ~100,000 protein domains, using geometrical sampling (Con-
coord), contact order, and coarse-grained protein unfolding, respectively. In
general, we find high mechanical stability to involve low protein flexibility
and low foldability.
In order to reconstruct protein architecture evolution, we used infor-mation em-
bedded in a structural genomic census of fold architectures defined by a phylo-
genomic analysis of 185 completely sequenced genomes using advanced
hidden Markov models. Interestingly, flexibility is found to increase in evolu-
tion, hinting towards a fine-tuning of protein function during evolution towards
dynamic regulation.
Finally, our work can explain how proteins as an intricate network of
inter-molecular bonds were designed by evolution as a response to mechanical
stress.1274-Pos Board B44
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Lipocalin-type prostaglandin (PG) D synthase (L-PGDS) is a multi functional
protein that functions as a PGD2 synthesizing enzyme, a scavenger of various
lipophilic ligands, and an amyloid b chaperone in the brain. L-PGDS is a mem-
ber of the lipocalin superfamily and has the ability to bind various lipophilic
molecules, such as prostanoid, retinoid, bile pigment, and amyloid b peptide.
However, the molecular mechanism for this wide variety of ligand binding is
not fully understood. In this study, we determined the NMR structures of re-
combinant mouse L-PGDS and a L-PGDS/PGH2 analog. L-PGDS has a typical
lipocalin fold, consisting of an eight-stranded b-barrel and a single a-helix. The
interior of the barrel forms a hydrophobic cavity and the upper end of the barrel
is open. The size of the barrel was found to be larger than those of other lipo-
calins and the cavity contained two pockets. The results of NMR titration, ki-
netic and molecular docking experiments revealed that PGH2 and retinoic acid
occupied the hydrophilic pockets 1 and 2, respectively. A structural comparison
of the L-PGDS/PGH2 analog complex with apo-L-PGDS showed that the H2-
helix, CD-loop, and EF-loop located at the upper end of the b-barrel undergo
a conformational change and cover the entrance of the cavity upon U-46619
binding. These results indicate that the two binding sites in the large cavity
are responsible for the broad ligand specificity of L-PGDS in its induced-fit
mechanism.1275-Pos Board B45
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In the bacterium Escherichia coli, a single 4,639 base pair circular chromo-
some is compacted into about 100 independently supercoiled domains that
will form a rosette structure, referred to as the nucleoid. One of the proteins
shown to be involved in chromosome condensation is a 7-kDa protein called
CspE. Escherichia coli K12, expresses nine Csp (Cold shock-related protein)
gene products: (CspA-I) and they share between 29 and 83 percent identity in
their amino acid sequences. The bacterium Bacillus subtilis has three Csp
homologues with greater than 70% identity to CspE and studies have shown
that Csp proteins bind to single stranded poly d(T) with a minimum of 6
thymines in an 8 base sequence. CspB in Bacillus subtilis has solved crystal
structures both with and without it’s DNA ligand. While the crystal structure
of CspA from Escherichia coli has been elucidated, the remaining eight Csps
have not. This work describes the use of structural information from the
homologue CspB in B. subtilis to model the structure of the remaining eight
unsolved structures of the nine Csps in E. coli. A single point mutation in the
computationally predicted binding site of CspE results in the loss of its DNA
binding function while a single point mutation outside of the predicted
binding site shows no significant difference in DNA binding compared to
wildtype.1276-Pos Board B46
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Nickel homeostasis in gram-negative bacteria is often regulated at the transcrip-
tional level by the nickel-dependent protein NikR, which belongs to the ribbon-
helix-helix DNA-binding protein family. Generally, NikR is found as a homote-
tramer, with four nickel ions bound of the tetrameric interface at a metal binding
domain (MBD). In Helicobacter pylori, NikR (HpNikR), unlike homologous
NikR proteins, sits at a regulatory hub and has been found to have a variety of
regulatory roles. HpNikR has been implicated in the regulation of proteins
that function in acid acclimation, nickel uptake, virulence, and stress response.
There are a number of questions about the nickel coordination environment in
HpNikR due to a series of puzzling and sometimes contradictory structural
and experimental results. Here we present results from complimentary compu-
tational and experimental techniques to help further resolve these questions. Spe-
cifically,we usemolecular dynamics simulations and spectroscopic experiments
to investigate the nickel coordination environment.We use circular dichroism to
observe differences in the thermal stability of HpNikR depending on the nickel:-
protein stoichiometry, with stabilization increasing as nickel concentration in-
creases. Stability of HpNikR is found to be pH dependent. Elucidation of
details about nickel coordination in HpNikR will improve our understanding
of the functional role of genetic regulatory pathways in H. pylori pathogenicity.
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Feo from K. pneumoniae is a unique type of ferrous iron transporter for bacte-
ria. It consists of three proteins, FeoA, a small SH3-domain like protein; FeoB,
a large protein consisting of a cytosolic N-terminal G-protein domain and
a C-terminal transmembrane domain that may serve as a Feþþ permease;
and FeoC, a small putative transcriptional factor. Using X-ray crystallography
and NMR we have solved the structure of FeoA, the intracellular domain of
FeoB (NFeoB), FeoC and NFeoB/FeoC complex. In the structures, a canonical
G-protein domain (G domain) is followed by a helical bundle domain (S-do-
main), which despite its lack of sequence similarity between species is structur-
ally conserved. In the nucleotide-free state, the G domain’s two switch regions
point away from the binding site. This gives rise to an open binding pocket
whose shallowness is likely to be responsible for the low nucleotide-binding
affinity. Nucleotide binding induced significant conformational changes in
the G5 motif which in the case of GMPPNP binding was accompanied by
destabilization of the switch I region. In addition to the structural data, we
demonstrate that Fe(II)-induced foot printing cleaves the protein close to
a putative Fe(II)-binding site at the tip of switch I, and we identify functionally
important regions within the S-domain. Moreover, we show that NFeoB exists
as a monomer in solution, and that its two constituent domains can undergo
large conformational changes. The data show that the S-domain plays impor-
tant roles in FeoB function. The structures and their functional implications
of FeoA, FeoC and NFeoB/FeoC complex will be discussed also.
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The mammary gland undergoes repeated cycles of pregnancy, lactation and in-
volution. Throughout these cycles, the interactions of mammary gland epithe-
lial cells with their surrounding extracellular matrix (ECM), in particular the
specialized ECM known as basement membrane (BM), contributes to the sig-
nals required for their proliferation, differentiation and survival. The structural
and functional studies of prominent proteins secreted during these various
phases have been carried out. The proteins included in these studies are insulin
growth factor (IGF), lactoferrin (LF), Lactoperoxidase (LP), peptidoglycan rec-
ognition protein (PGRP) and signaling glycoproteins (SPX-40). Three-
dimensional structural determinations using X-ray crystallographic methods
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these proteins have shown several features that are important for signaling roles
of IGF and SPX-40. The detailed study of various structural characterstics of
LF and LP have revealed their new functions and have helped in the under-
standing of the mechanism of their action. IGF is a signaling component se-
creted during proliferative phase and its structure showed many novel
features pertaining to structure and function relationship. We have also studied
the structures of C-terminal halves of LF and their various complexes with tight
binders of C-lobe and NSAIDs. It indicates a new role of lactoferrin C-lobe as
a protector of side effects of NSAIDs. The structural studies of PGRP have re-
vealed that this protein existed in a tetrameric form with four structurally iden-
tical molecules giving rise to a potent and versatile binding site.
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The folding of proteins into helices and beta sheets has been investigated for the
past five decades. To date, there has not been a thorough understanding of the
physics behind this. Theoretical predictions by Zimm and Bragg give us some
information but many studies have revealed contradicting results. For example
short chain polyalanine, which according to Zimm and Bragg should form a ran-
dom coil forms an unusually stable helix in solution and some peptides which
have a low propensity for helix formation according to the theory tend to form
stable helices. In the current work we seek the helix and beta sheet forming
properties of individual short peptides using a simplistic model with explicit
solvent through Monte Carlo simulations. The protein back bone and side
chains are represented as either hard spheres (hydrophobic) or Jagla particles
(hydrophilic) in a Jagla solvent. The helix and beta sheet forming tendencies
are studied while varying the chain length, backbone sequence, size of the
side group and the strength of the interactions.
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In view of many observations of local order within unfolded peptides and pro-
teins, intrinsic conformational propensities of individual amino acid residues
have been warranted for an understanding of how the conformational distribu-
tions in unfolded proteins affect protein folding. Various and sundry
experimental and computational techniques have produced conflicting confor-
mational sampling distributions even when similar unfolded model systems
were employed. One of the most utilized model systems have been the amino
acid dipeptides because the classical definition of the unfolded state was sup-
ported by the Ramachandran plot of the alanine dipeptide, which exhibited
a nearly homogeneous sampling of sterically allowed conformations. Many
studies on amino acid dipeptides have indicated that conformational prefer-
ences vary between different amino acids. In order to quantify these differ-
ences, we measured the amide I’ band profiles of dipeptides in water using
infrared absorption, vibrational circular dichroism, and Raman spectroscopy.
A conformational distribution model was utilized in order to reproduce all ex-
perimental data, which was further constrained by 3J(NHNa) and 1J(C’Ca)
coupling constants. For alanine, our results suggest that it samples much less
PPII-like conformations in a dipeptide than in GAG. Our experimental results
were confirmed by results from Molecular Dynamics simulations. A first anal-
ysis of data obtained for other dipeptides also suggest reduced PPII fractions.
We tentatively assign this to different hydration shells of blocked and un-
blocked peptides.
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The last decade has shown that there are an increasing numbers of known
proteins that contain linear open knots or slipknots in their native foldedstructure. In general, knots in proteins are orders of magnitude less frequent
than would be expected for random polymers with similar length, compact-
ness, and flexibility. Explaining why they are so rare is an intriguing ques-
tion. While analyzing all available protein structures for the presence of
knots and slipknots we detected a surprising conservation of complex knot-
ting patterns within and between several protein families despite their large
sequence divergence. Since protein folding pathways leading to knotted
native protein structures are slower and less efficient than those leading to
unknotted proteins with similar size and sequence, the strict conservation
of the knotting pattern in some families of proteins indicates an important
physiological role of knots and slipknots in these proteins. Although little
is known about the functional role of knots, recent studies have demonstrated
a protein-stabilizing ability of knots and slipknots. In the slipknots studied
here, some of the conserved knotting patterns occur in transmembrane do-
mains of proteins, suggesting that slipknots may stabilize these domains
against forces acting during their translocation through protein lined mem-
brane pores.Protein Aggregates I
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Alzheimer’s disease (AD) is characterized by the excessive production of am-
yloid protein and deposition in senile plaques, which are mainly composed of
1-40 amyloid b-proteins (Ab40). Various natural mutations of Alzheimer’s
b-amyloid have been shown to promote an early onset of AD. Recent studies
have shown that the Wild Type mutation (Ab22-35) enhances neurotoxicity
of 40-residue Ab(1-40). Our interest is to use this shorter (14 residue) fragment
of the Ab. Silymarin, a mixture of flavonolignans extracted from the seeds,
fruits, and leaves of Milk Thistle, has long been used for the treatment of
hepatic disorders, most commonly for liver diseases. Many studies have inves-
tigated the inhibitory effects of various flavonoids on Ab aggregation and
neurotoxicity. As a result, silymarin, being a mixture of flavonolignane diaste-
reomers and having already been proven safe for human consumption, might be
capable of having a preventative effect against the Ab-dependent phenotypes
of AD.
To identify silymarin as a potential therapeutic agent for the treatment of
Alzheimer’s disease, various Attenuated Total Reflection Infrared Spectros-
copy, ATR-IR,and Ultraviolet Visible Spectroscopy, UV-Vis, assays will be
developed to identify and rank whether or not the mixture of flavonolignane
diastereomers could inhibit aggregation of Ab. To carry out this test, Ab
will be incubated with the test compound silymarin at a controlled temperature
for a set amount of hours followed by ultrafiltration in order to separate the
monomeric Ab from its aggregates. Aliquots of the ultrafiltrate will be ana-
lyzed for monomeric Ab.
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Myosin storage myopathy (MSM) is a rare congenital disorder caused by mis-
sense mutations in the beta cardiac MHC rod and characterized by subsarco-
lemmal accumulation of beta cardiac MHC that has a hyaline appearance.
These mutations map near to or within the assembly competence domain
known to be crucial to filament assembly. We hypothesize that mutations inter-
rupt assembly of coiled-coil rod dimers or thick filaments causing aggregation.
We have made a Drosophila model for MSM whichcan serve as a powerful
model for mechanistic investigations. This in vivo model makes it possible to
examine interactions between wild-type and mutant full-length myosins, as
the majority of mutant alleles are dominant. We introduced the R1845W,
L1793P or the E1883K mutation into a Drosophila myosin heavy chain trans-
gene and expressed it in the indirect flight/jumpmuscles. Our studies show a se-
vere reduction in the flight and jump ability of the transgenic flies (p<0.0001)
in both homozygotes and heterozygotes, with an age-dependent loss of muscle
function. Electron and confocal microscopy of the indirect flight muscles of
transgenic lines show myofibrillar disarray with large areas of granular/ fila-
mentous inclusions similar to hyaline bodies found in affected humans. In ad-
dition, heterozygotes of at least two mutants show restrictive cardiomyopathy
phenotypes with arrhythmia that mirrors cardiomyopathy reported in human
